Cassava vein mosaic virus (CVMV) was found to be widespread throughout the north-eastern region of Brazil. The complete sequence of CVMV was determined, and the genome was 8158 bp in size. A cytosolic initiator methionine tRNA (tRNAn~t.0-binding site that probably acts as a primer for minus-strand synthesis was present. The genome contained five open reading frames that potentially encode proteins with predicted molecular masses of 186 kDa, 9 kDa, 77 kDa, 24 kDa and 26 kDa. The putative 186 kDa protein had regions with similarity to the zinc finger-like RNAbinding domain that is a common element in the capsid proteins and similarity to the intercellular transport domain of the plant pararetroviruses. The predicted 77 kDa protein had regions with similarity to aspartic proteases, reverse transcriptase and RNase H of pararetroviruses. This gene order was confirmed by the amplification of similar PCR products from total DNA extracted from CVMV-infected cassava plants. The genomic organization of CVMV was different from the organization of either the caulimoviruses or badnaviruses. In comparisons of the regions with the reverse transcriptase motif, CVMV was grouped between the caulimoviruses and badnaviruses. It appears that CVMV is distinct from the other well-characterized plant pararetroviruses.
GTC CAAAT T GTAAAAAAC CAAAAAACAAAACTAGAAT TAATAAT T TAGAAGCTT TAGAATT TAAAAATAC T GAGAT GGAGAAT C TAGAATTT GAAACAAATAAAAATGATATAATATGGG 2400
TAGGAT TAT TAAA CCAGATTAGACAT TTTATACCACATTT AGCACAGAT T T TAT TAC C TATACAGA~T TA~TA~G 5760 confirmed by observation of particles using transmission electron microscopy or using a polymerase chain reaction (PCR) specific for CVMV. Cassava plants infected with CVMV were most prevalent in the semi-arid region of the north-eastern states of Cear~i, Pernambuco and Bahia. It was not unusual to find fields with 50% to 100% of the plants infected with CVMV. Some cassava plants with symptoms of vein mosaic were found in the coastal littoral region of Ceari Pernambuco, Bahia and Alagoas, but the incidence of virus was much lower than in the semiarid areas. CVMV-infected cassava was not found in any of the other states.
Plants infected with CVMV were propagated in the greenhouse using stem cuttings. Viral DNA was prepared for cloning by a modification of the mini-preparation procedure for the isolation of the DNA of caulimoviruses (Gardner & Shepherd, 1980) . Infected leaves were homogenized in 0'2 M-citrate, pH 6.0, containing 1 Murea and 2.5 % 2-mercaptoethanol (10 ml of buffer/g of tissue). Immediately before use, 4% (w/v) polyvinylpyrrolidone was added to the buffer. After homogenization, Triton X-100 was added to a final concentration of 2 % (v/v), and the homogenate was stirred for 20 min and then centrifuged at lO000g for 10 rain.
The supernatant was filtered through two layers of Miracloth and subjected to ultracentrifugation and further treatment as described in the mini-preparation procedure of Gardner & Shepherd (1980) . After some preliminary restriction mapping, the CVMV dsDNA genome was cloned at a unique BglII restriction enzyme site into a plasmid vector designated pCKIZ (Anza, 1982) . This plasmid was found to reproduce poorly in many strains of Escherichia coli. The pUC119 (Vieira & Messing, 1988) vector was modified to include a BglII site in its multiple cloning site and was designated p JAW141. Subsequently, the cloned DNA of the CVMV virus genome was transferred from pCKIZ into the BglII site of pJAW14I and the clone was designated pCVMV141.
Whenever possible, subclones of pCVMVI41 were produced using appropriate restriction enzymes and used for the sequence reactions. A series of nested deletions were produced using an Exonuclease III digestion technique (Henikoff, 1984) . The double-stranded cDNA was sequenced using Sequenase (USB) following the dideoxynucleotide chain-termination method (Sanger et al., 1977) . The entire sequence of CVMV was determined on both strands and the sequence data were analysed using Seqaid II (D. D. Rhoads and D. J. Roufa, 1989, Kansas State University, Manhattan, Kan, USA) and DNASIS (Pharmacia).
Total nucleic acids were extracted from dried or fresh plant samples using a nucleic acid extraction method (Dellaporta et al., 1983) . Five sets of primers were used to initiate PCR to amplify different regions of the CVMV genome. The PCR was carried out with Taq DNA Polymerase (Promega) using a programmable thermal controller (MJ Research). The products were purified using the Magic PCR DNA Purification System (Promega) and analysed in agarose gels. In selected cases the PCR products were cloned into the plasmid Bluescript KS(+ ) (Stratagene) and the cDNA products were sequenced as described above.
The genome of CVMV consisted of 8158 nucleotides of dsDNA with the potential to encode five proteins and a 736 bp intergenic region (Fig. 1) has 16 bases that were complementary (underlined) to met the 3' terminus of plant cytoplasmic tRNA ~ (Sprinzl et al., 1987) . To conform with previous studies on caulimoviruses and badnaviruses, the numbering of the CVMV genome was started at the 5' end of this putative primerbinding site (Hull et al., 1986; Medberry et al., 1990) .
The tRNA-binding site was followed by an open reading frame (designated ORF I) that potentially encoded a protein that consisted of 1372 amino acids and had a molecular mass of 186 kDa. The putative protein encoded by ORF I shared only limited similarity with the proteins encoded by the ORF II, III and IV of cauliflower mosaic virus (CaMV). The predicted proteins encoded by ORF IV of the caulimoviruses and the ORF III of the badnaviruses contain consensus regions for zinc fingerlike RNA-binding domains (Covey, 1986) . A putative RNA-binding domain was found in ORF I of CVMV at the location aa 739-754 (Fig. 2) . The sequence of CVMV ORF I from aa 520-754 has 33 % identical and 20 % similar amino acids as compared with CaMV ORF IV. The CaMV ORF IV encodes the coat protein and it is probable that the coat protein of CVMV is part of a polyprotein encoded by ORF I of CVMV. The zinc finger-like RNA-binding domain was followed by a region that has similarity with the intercellular transport protein of the caulimoviruses (Figs 3 and 4) . The ORF 1 region aa 972-1105 has 35 % identical and 32 % similar amino acids with the figwort mosaic virus (FMV) ORF I aa 96-206. This region contains motifs (Fig. 2 ) that are typical of intercellular transport proteins (Koonin et al., 1991) . Starting at nucleotide 4132 overlapping 14 nucleotides of ORF I, there was a possible small ORF (designated ORF II) with the potential to encode a protein of 71 amino acids with a molecular mass of 8.8 kDa (Fig. 4) .
The CVMV ORF III had the potential to encode a protein of 652 amino acids with a molecular mass of 77 kDa. The putative protein contained protease, reverse transcriptase and RNase H consensus regions (Fig. 4) . These features made it probable that the ORF III encodes a viral replicase that is typical of the pararetroviruses. The region of the protein that contains the reverse transcriptase motif was compared with the similar proteins of the badnaviruses and caulimoviruses; CVMV was most similar to the caulimoviruses CaMV, FMV and carnation etched ring virus (CERV), with amino acid identities of 47 %, 44 % and 43 %, respectively. When the reverse transcriptase motif of CVMV was compared to those of the badnaviruses, there was a slightly lower level of amino acid identity (39-40 %).
The beginning of ORF IV overlapped the end of ORF III and potentially encodes a protein of 201 amino acids with a molecular mass of 24 kDa (Fig. 4) . The beginning of ORF V overlapped the end of ORF IV and potentially encodes a protein of 220 amino acids with a molecular mass of 26 kDa. These proteins had no detectable similarity with any of the proteins encoded by the caulimoviruses or badnaviruses.
Following ORF V was a 736 bp intergenic region that contained a putative TATA box (underlined in Fig. 1 ) which shared similarity with the 35S promoter of CaMV and the putative promoter of rice tungro bacilliform virus (RTBV).
The most unusual feature of CVMV is the arrangement of genes in the genome (Fig. 3) . Based on the sequence data from clone pCVMV141, five sets of primers were used to amplify total nucleic acids from CVMV-infected cassava. In all cases, the amplified products from both the clone pCVMV141 and field isolates of CVMV were of the same size (Fig. 5) . A part of the genome of a CVMV isolate from Araripina, Pernambuco, was cloned and the sequence was determined. The Araripina isolate shared 96 % nucleic acid and 96 % amino acid identity with the pCVMV141 clone. One set of primers (RBD-up and RBD-dn) amplified a product that included the RNA-binding site and the intercellular transport domain. These experiments helped confirm the unusual gene order by confirming that the original clone was very similar to CVMV field isolates.
Comparisons of regions of the proteins that contain the conserved motif for reverse transcriptase were made for CVMV, three badnaviruses and four caulimoviruses. The analysis was made using the computer program P A U P [Phylogenetic analysis using parsimony, version 3.0; developed by D . L . Swofford (Illinois Natural History Survey, Champaign, II1., USA)]. Heuristic search, branch swapping and majority-rule consensus options of the program were used for making the phylogenetic tree (Felsenstein, 1985) . The regions encompassed CVMV O R F III aa 248-427, CaMV O R F V aa 288-468 (Gardner et al., 1981) , FMV O R F V aa 2 8 0 4 6 0 (Richins et al., 1987) , CERV O R F V aa 269-451 (Hull et al., 1986) , soybean chlorotic mottle virus (SoyCMV) O R F V aa 2 4 4 4 2 6 (Hasagawa et al., 1989) , Commelina yellow mottle virus (CoYMV) O R F III aa 1450-1630 (Medberry et al., 1990) , RTBV O R F III aa 1226-1405 (Qu et al., 1991; Hay et al., 1991) and sugarcane bacilliform virus (ScBV) O R F III aa 1302 -1482 (Bouhida et al., 1993 . Also, the direct amino acid similarity was determined for these regions. Based upon the amino acid sequences including the consensus sequences of the reverse transcriptase, the predicted relationships among eight plant pararetroviruses were determined (Fig. 6) . Since CVMV has consensus sequences for a tRNAmet~ -binding site, a zinc finger-like RNA-binding site, an intercellular transport domain, an aspartic acid protease site, a reverse transcriptase motif and an RNase H activity motif, it appears to be a typical plant pararetrovirus. Although CVMV has the morphology of a caulimovirus with an isometric virion of 50 nm, the predicted genomic organization is quite different. The most unusual feature of CVMV is the order of the zinc finger-like RNA-binding motif (probably part of the capsid protein), the putative intercellular transport domain and replicase gene (Fig. 3) . In the caulimoviruses, the capsid protein (containing a RNA-binding motif) is encoded by ORF IV, and the replicase protein is encoded by ORF V (Hull et al., 1987) . In the badnaviruses, the putative product of ORF III is apparently a polyprotein that is processed into the capsid protein that contains a zinc finger-like RNA-binding sequence, followed by the consensus motifs for a viral aspartic acid protease, the reverse transcriptase and RNase H (Medberry et al., 1990; Qu et al., 1991; Bouhida et al., 1993). In the caulimoviruses and badnaviruses, these genes for these proteins may be translated and the products processed in different manners, but they maintain their relative positions in the genome. In contrast, the CVMV ORF I contains the consensus sequence for the zinc finger-like RNA-binding domain followed by a consensus motif for the putative intercellular transport protein. The sequences for the putative coat protein and intercellular transport protein, which are apparently translated as a polyprotein, precede the replicase gene on the genome. This genomic organization differs from any other plant pararetrovirus that has been reported to date.
We conclude that CVMV is widespread throughout the semi-arid region of north-east Brazil, and based on the predicted genomic organization that CVMV is a plant pararetrovirus that is an atypical caulimovirus.
